Abstract In this work, the first synthesis, characterization and catalytic performance of Fe 3 O 4 /camphor core/shell nanospheres as a magnetic composite nanocatalyst were reported. The characterization was carried out by Fourier transform infrared spectroscopy, field-emission scanning electron microscopy, transmission electron microscopy, X-ray diffraction, energy-dispersive X-ray spectroscopy, thermogravimetric analysis, vibrating sample magnetometer, N 2 adsorption-desorption by Brunauer-Emmett-Teller and inductively coupled plasma analyses. The recoverable heterogeneous nanostructure catalyst was simply prepared and effectively employed in the one-pot multicomponent synthesis of b-amino carbonyl compounds in ethanol as a green solvent at room temperature. Further advantages of this new protocol are short reaction times, high yields, easy workup procedure, inexpensive and eco-friendly protocol and magnetically recoverability and several times reusability of the nanocatalyst without significant decrease in catalytic activity.
Introduction
Due to significance of catalysis, this area is a highly important object among various green chemistry principals [1] . The catalytic reactions may reduce energy requirements and decrease separation steps because of their increased selectivity. Moreover, catalysis is of crucial importance for the chemical industry to make key products like biologically important heterocyclic compounds and various fine chemicals [2, 3] . By utilizing catalysts, organic reactions can be more efficient and selective through decreasing of by-products and wastes [4] . The area of nanocatalysis which involves a substance or material with catalytic properties that possesses at least one nanoscale dimension in their structures is undergoing an explosive development. Nanocatalysis can help design catalysts with excellent activity, greater selectivity, and high stability [5] [6] [7] [8] . Composite nanocatalysts, especially supported magnetic metal oxides nanoparticles (MNPs), have attracted considerable interest of researchers, because of their potential applications in chemical, biomedical and materials science. Due to intrinsic properties of Fe 3 O 4 MNPs including high surface area, low toxicity and superparamagnetic behavior, they have received a great deal of attention in various academic and technological applications [9] [10] [11] [12] [13] [14] . Recently, a number of such functionalized Fe 3 O 4 nanoparticles, especially core/shell nanostructures have been employed in a range of organic transformations [15, 16] . They are widely used in the synthesis of biologically active compounds, such as drug delivery systems, magnetic resonance imaging (MRI), biosensors, bioseparation and magneto-thermal therapy [17] . On the other hand, some comprehensive reports have been described in the literature as micromeritics such as nanospheres, nanorods, nanofibers, nanoreefs, nanoboxes [18] . One of the most famous atom-efficient multicomponent reactions is Mannich reaction which involves carbon-carbon bond formation between an enolizable ketone as a nucleophile and a Schiff base as an electrophile to provide b-amino carbonyl compounds [19] . Most of the previously described methods suffer from drawbacks, e.g., long reaction times, large amounts of catalysts, expensive reagents or catalysts, toxicity, harsh reaction conditions and low yields. As a result, design and introduction of green, biocompatible and inexpensive catalyst for the synthesis of b-amino carbonyl compounds is of prime importance.
Natural camphor is affordable and has also medicinal and catalyst properties. The cool and aromatic camphor can be used to alleviate skin itching and irritation. By applying camphor on the affected areas, the compound in camphor activates the nerve endings, and this produces a soothing sensation. It not only provides relief from itching and irritation but also reduces incidences of redness on the skin. Natural camphor includes other properties, such as soothes burns, cures acne, fungal and bacterial infections and promotes blood circulation [20] . Our research group after much research on natural camphor decided to use it for surface modification of Fe 3 O 4 nanoparticles.
In continuation of our research on green nanocatalysts and organic synthesis [21] [22] [23] [24] [25] [26] [27] [28] , herein, we wish to report Fe 3 O 4 /camphor nanospheres as a novel, efficient, ecofriendly, superparamagnetic and heterogeneous catalyst and investigation of its application in the synthesis of bamino carbonyl compounds 4 via the condensation reaction of aniline 1, an aldehyde 2 and a ketone 3 (Scheme 1).
To the best of our knowledge, this is the first report of design, preparation, and characterization Fe 3 O 4 /camphor core/shell nanospheres and its application as a heterogeneous catalyst in the synthesis of b-amino carbonyl compounds. We have used camphor as a naturally abundant biocompatible material by combining with Fe 3 O 4 nanoparticles to yield Fe 3 O 4 /camphor nanospheres as a recyclable, economical and inexpensive catalyst.
Experimental General
All the solvents, chemicals and reagents were purchased from Merck, Sigma and Aldrich. Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. Fourier transform infrared spectroscopy (FT-IR) spectra were recorded on a Shimadzu IR-470 spectrometer by the method of KBr pellet.
1 H and 13 C NMR spectra were recorded on a Bruker DRX-300 Avance spectrometer at 300.13 and 75 MHz, respectively. Fieldemission scanning electron micrograph (FE-SEM) images were taken with Sigma Zeiss microscope with attached camera. Transmission electron microscopy (TEM) was performed on a Philips CM10 operated at an 80 kV electron beam accelerating voltage. Magnetic measurements of the solid samples were performed using a Lakeshore 7407 and Meghnatis Kavir Kashan Co., Iran vibrating sample magnetometer (VSMs). A Netzsch Thermoanalyzer STA 504 was used for the thermogravimetric analysis (TGA) with a heating rate of 10°C/min under air atmosphere. Elemental analysis of the nanocatalyst was carried out by energy-dispersive X-ray spectroscopy (EDX) spectra recorded on Numerix DXP-X10P. X-ray diffraction patterns were recorded with an X' Pert Pro X-ray diffractometer operating at 40 mA, 40 kV. The specific surface area was measured via BET N 2 adsorption-desorption method using a Nansord92 instrument. Inductively coupled plasma (ICP) analyzed on a Shimadzu ICPS-7000.
Preparation of Fe 3 O 4 /camphor nanospheres
Fe 3 O 4 /camphor nanospheres employing coprecipitation in situ method has been prepared in accordance with the following conditions [26] . In a typical procedure, 2.4 g of FeCl 3 and 3 g of FeCl 2 Á5H 2 O were dissolved in 100 mL of deionized water. Then, 2 g of camphor and 10 mL of NH 3 .H 2 O were mixed at 30°C in a three-necked flask. Then, mixture of FeCl 3 and FeCl 2 Á5H 2 O was added in drops in ammonia containing camphor for 150 min at 30°C. The obtained Fe 3 O 4 /camphor precipitate was washed repeatedly with deionized water until pH value decreased to 7 and then dried at 80°C in an oven.
General procedure for the synthesis of b-amino carbonyl compounds 4a-l A mixture of aromatic aldehyde (2.0 mmol) and amine (2.0 mmol) in absolute EtOH (4 mL) was added to the Fe 3 O 4 /camphor nanospheres (0.015 g). The mixture was stirred at room temperature for 10-15 min until the starting To clarify the morphology of the nanocatalyst, FE-SEM images of Fe 3 O 4 /camphor are presented in Fig. 2 . As it obvious, obtained catalyst has a uniform and spherical morphology. In addition, the claim of nanosized catalyst was proved by FE-SEM images. The average particle size distribution was about 50 nm. Figure 3 shows the results of the EDX spectrum of the magnetite Fe 3 O 4 /camphor nanospheres. The presence of iron, carbon and oxygen elements clearly confirmed that Fe 3 O 4 /camphor nanocatalyst was synthesized. Figure 4 shows the XRD measurements were performed with the dried powder samples of bare and mixture of the The thermal stability and composition ratio of camphor in the obtained Fe 3 O 4 /camphor nanospheres was measured through the TGA under air atmosphere with heating rate of 10°C/min within temperature range of 0-800°C. Figure 7 illustrates the TGA curve, depicting the variations of the residual masses of the samples with temperature. The organic material and magnetite of the sample were completely burned to generate gas products and converted into iron oxides at the elevated temperature, respectively. The composition ratio of camphor in the obtained Fe 3 O 4 /camphor nanospheres was estimated from the residual mass percentage. The magnetic content was about 86% and weight ratio of iron to camphor was 1:0.08. As shown in Fig. 7 , the first weight loss stage (below 100°C) can be ascribed to the evaporation of water molecules in the composition. The next weight loss stage was started from about 400 to complete at 600°C that was because of the decomposition of natural camphor. No further obvious decomposition exhibits a high thermal stability in comparison with similar structures.
Furthermore, inductively coupled plasma (ICP) analysis of the catalysts was provided. For this purpose, the four solutions with concentrations of 20, 15, 10 and 5 ppm of iron salts as standards were prepared. Then, a solution containing the nanocatalyst was prepared. The analysis revealed that the metal contents of the catalyst was close (±0.4%) to the target metal content of 75 wt% Fe. ICP Initially, to optimize the reaction conditions for the synthesis of b-amino carbonyl compounds, various parameters on the reaction of aniline (2 mmol), 4-chlorobenzaldehyde (2 mmol) and acetophenone (3 mmol) as a pilot test were studied. First, the effect of catalyst amount on the reaction yield was studied. It was found that using 0.015 g of the Fe 3 O 4 /camphor nanocatalyst is sufficient to complete the reaction and gives 4d after 35 min in 93% yield in 4 mL of EtOH as a green solvent at room temperature. To compare the efficiency of ethanol, several solvents with different polarities were tested using the model reaction in the presence of Fe 3 O 4 /camphor ( Table 1) . As it is obvious from the results, it was found that EtOH was the superior solvent for this study than MeOH, H 2 O, MeCN, DMF and also under solvent-free conditions in the presence of 0.015 g of Fe 3 O 4 /camphor catalyst at room temperature.
Finally, a comparison was made between the present work and others which were reported earlier for the synthesis of 4d. The results summarized in Table 2 clearly demonstrate the superiority of the present work over all the earlier reported ones in energy consumption, high-yield products and catalyst reusability.
The scope and limitations of the application of Fe 3 O 4 / camphor in the synthesis of b-amino carbonyl compounds were investigated under optimized conditions. The summarized results in Table 3 show that all products, including electron-withdrawing-, electron-releasing-and halogensubstituted starting materials, were obtained in good-toexcellent yields after appropriate reaction times. The corresponding reaction times, yields, turnover number (TON) and turnover frequency (TOF) values, and also found and literature melting points of the products are listed in Table 3 .
The suggested possible mechanism for the formation of b-amino carbonyl compounds 4a-l is shown in Scheme 2. At first, the carbonyl group of aldehyde 2 was activated by Fe 3 O 4 /camphor nanospheres and become electrophilic group. Then, an amine 1 attacks the activated aldehyde 2 to form iminium 5. In addition, the enol form of ketone 3 was formed via tautomerisation in the presence of the nanocatalyst. Finally, the enol was added to 5 to yield the desired product 4 [42] .
Catalyst recyclability examination for Fe 3 O 4 /camphor
To study the catalyst reusability, the model reaction was carried out using 0.015 g of Fe 3 O 4 /camphor. After completion of the reaction, nanospheres were separated using an external magnet and washed with ethanol and water, dried and reused in another set of reaction. It was observed that the catalyst can be reused for six times without any significant reduction in product yield (Fig. 8) . In addition, no extra care should be taken to store or handle the catalyst in recovery process; because, it does not have any air or moisture-sensitive nature.
Conclusions
In summary, eco-friendly, green and cost-effective Fe 3 O 4 /camphor core/shell nanospheres as a reusable superparamagnetic nanocatalyst was described through a facile preparation process. Then, its morphology, structure and properties were characterized by FT-IR, TEM, TGA, EDX, FE-SEM, VSM, XRD, BET and ICP measurements. Then, its catalytic performance was studied in the synthesis of b-amino carbonyl compounds as Mannich products in high-to-excellent yields at room temperature. The nanocatalyst was easily recovered using an external magnet and efficiently reused several times without significant loss of activity. Furthermore, to the best of our literature survey, the present work is the first report on design, preparation and catalytic investigation of magnetized camphor.
